I. INTRODUCTION
Since band gap of MgZnO alloy with wurtzite structure is larger than that of ZnO and can be tuned by changing Mg concentration, 1 the alloy is considered as a suitable barrier layer material for preparation of ZnO-based quantum well and is investigated widely in the recent years. [2] [3] [4] Now, n-type MgZnO with high crystal quality and various band gaps can be prepared well, but fabrication of reliable p-type MgZnO with good stability and electrical properties is still a difficult task and becomes bottle-neck problem obstructing application of MgZnO in optoelectronic devices. In the recent years, some research groups have made many efforts to prepare p-type MgZnO by using N as an acceptor dopant. 5 However, as same as the preparation of N-doped p-type ZnO, 6, 7 it is also hard to fabricate reproducibly N-doped p-type MgZnO with low resistivity, high carrier concentration, and high mobility due to low solubility of N in MgZnO and self-compensation of (N 2 ) O and other native donors for N O acceptors, where (N 2 ) O and N O represent substitution of N 2 and N for O site, respectively, and are two kinds of chemical state of N in N-doped MgZnO (Ref. 5) . Obviously, it is very important to increase the solubility of N O and decrease the self-compensation of (N 2 ) O for fabrication of N-doped p-type MgZnO. Therefore, it is necessary to characterize chemical state and solubility of N in the N-doped MgZnO correctly and understand effect of Mg on the chemical state and solubility. X-ray photoelectron spectroscopy (XPS) is usually used to characterize the chemical state and the solubility of the N in the N-doped MgZnO or ZnO; however, which are demonstrated to be very difficult.
Raman spectroscopy is a versatile technique for fast and nondestructive study of dopant incorporation. Recently, this technique is used to investigate N-doped or N + -implanted a) Author to whom any correspondence should be addressed. Electronic mail: binyao@jlu.edu.cn.
ZnO, [8] [9] [10] [11] [12] [13] and a number of anomalous Raman peaks are observed near 275, 504, 582, and 643 cm −1 besides Raman peaks of ZnO, which are considered to be related to N doping, but the origin of these peaks is still argued. In fact, the N has two chemical states of N O and (N 2 ) O in N-doped ZnO, as mentioned above. If we can clarify whether the Raman peaks come from N O or (N 2 ) O , we can characterize expediently and exactly the chemical state of the N by Raman spectroscopy, which is important for preparation of N-doped ZnO.
In the present work, the chemical state and solubility of the N in the N-doped MgZnO film are characterized by Raman spectroscopy and XPS, effects of Mg concentration on the chemical state and solubility are investigated, and the origin of the anomalous Raman peaks is discussed. 
II. EXPERIMENTAL

III. RESULTS AND DISCUSSION
The XRD and EDS measurements indicate that all the Mg x Zn 1-x O films prepared in procedure (I) are MgZnO alloys with wurtzite structure and Mg content in the MgZnO films increases with increasing the flux ratio. The increment of the Mg content was interpreted in our previous literature. high , A 1 , and quartz; moreover, it is also found that the intensities of the additional peaks and 580 cm −1 peak increase with increasing the flux ratio. Because the peak at 504 cm −1 partially overlaps the quartz peak, so we will not discuss it in the following. Obviously, the only difference in growth condition is O is produced by using sputtering gas containing N 2 and that the appearance of the additional Raman peaks and increment of 580 cm −1 peak intensity are related to N doping in the MgZnO. Furthermore, the intensities of the three Raman peaks are in direct proportion to N concentration in the MgZnO:N. In order to confirm the deduction, the MgZnO:N were annealed for 30 min in a temperature ranging from 973 to 1173 K under 10 −4 Pa in a tube furnace. The Raman measurement for the annealed MgZnO:N indicates that the intensity of the three Raman peaks (the Raman spectrum is not given here) decreases with increasing annealing temperature. When the annealing temperature reaches 1173 K, the 272 and 642 cm −1 peaks disappear. It is well known that N is in metastable thermodynamic state in the N-doped ZnO or MgZnO and will escape as the N-doped ZnO or MgZnO is annealed at temperature of above 873 K. The higher the annealing temperature, the faster the N escapes. When the temperature reaches 1173 K, all N will escape from the Ndoped MgZnO. Therefore, the decrease in intensity for the three Raman peaks is due to decrease in N concentration in the MgZnO:N, which confirms above deduction. So Raman spectrum can be used to detect N doping in Mg x Zn 1-x O. Similar result is also observed in N-doped ZnO and researched wildly in the recent years, [8] [9] [10] [11] [12] [13] but origin of these Raman peaks is still argued.
It is found from the Raman and EDS measurements that both N and Mg concentrations in the MgZnO:N produced in procedure (I) increase with increasing the flux ratio, while the increase of the flux ratio means increment of N 2 content in the sputtering gas. In order to understand whether the increment of the N concentration in the MgZnO:N comes from the increase of the Mg concentration or the increase of the N 2 content in the mixed gas, one N-doped ZnO and two N-doped MgZnO were fabricated by experimental procedure (II), where the targets are ZnO and Mg x Zn 1-x O with different Mg content and mixed gas is fixed at flow ratio of 4/5. The XRD and XPS measurements indicate that three samples are doped by N and have wurtzite structure. It is worth noting that the third conclusion seems to be contradictory to the results reported in our previous literatures 16 and observed in the N-doped MgZnO produced by procedure (I). Table I . 16 The formation energy E(N O ) can be written by
where E ZnO 
